Since June, 1978 we have studied 409 patients (pnimanly symptomatic) using ultrasound alone and in combination with low-dose mammography (1-4). A wide range of breast pathology was distributed in this population. A number of symptomatic pregnant women and young patients with palpable masses were examined solely with ultrasound.
METHODS AND INSTRUMENTATION
Our unit is a composite of a commercial B-mode ultrasound scanner and a research instrument specifically designed for detection and diagnosis of breast tumors. The patient is supine, and a water bag used for coupling. Linear ultrasound scanning is automatic with the transducer traveling a horizontal path of 1 2 cm at step intervals of either 5 or 1 mm in approximately 30 sec. pen nine-scan series. The water bag's transparent, compliant material allows good contouring to the skin surface as well as direct viewing of the scanning area. The outline of palpable masses is marked on the skin (this marked region is cleanly visible through the bag) and the region of the palpable mass, or other region of suspicion, is scanned, as well as the immediately surrounding normal areas. The complete breast is always scanned when there is reason to suspect a widely distributed pathology.
Scans can be performed in horizontal, longitudinal, or diagonal planes. Ultrasound breast images are recorded in a multiple image format on 8 X 10-in. ('-'-'20 X 25-cm) x-ray film. The single focus transducers used in this instrument (not commercially available)
were designed specifically for breast examination. Excellent range and lateral resolution for the full depth of the breast, i.e., from skin to pectoral muscles, were achieved by considering the primary design param- ezoelectnic element. Verification of the adequacy of the transducer characteristics was obtained by scanning physical targets (which, to some degree, simulated a breast containing various sizes and types of tumors) followed by scanning of human subjects.
The transducer used for the breast images shown in this paper is a single focus unit with a midband frequency of 3.7 MHz, a beam width (directly related to lateral resolution) of 0.8 mm at 3 dB down, and 1.2 mm at 6 dB down, and a range resolution of 1 mm in tissue (less than 1 mm for physical targets). The average intensity output of the transducer is 23 mWcm2. Other specially designed transducers with frequencies ranging from 2 to 5 MHz were used to provide imaging information on the frequency-dependent attenuation characteristics of breast tumors for the purpose of delineating their benign on malignant character (3).
BREAST PATHOLOGIES

Fibrocystic Disease
These patients complained of bilateral nodular breasts with masses of varying sizes emerging at different stages of the menstrual cycle. Some women had had multiple A 60-year-old patient with a palpable mass. Initial scans at 5mm intervals indicated tumor imaging characteristics consistent with fibroadenoma (a). Scans through the mass at 1mm intervals revealed that this smooth-walled mass had slightly attenuating regions, therefore suspicious for malignancy (b). Further 1mm scans exhibited more specific signs characteristic of malignancy, namely, jagged wall structure and increased attenuation of the sound by the tumor (c).
5a-c surgical biopsies because low-dose mammograms could not adequately delineate these lesions. In the present study, ultrasound breast examination with transducers specifically designed to resolve small tissue masses has detected cystic lesions as small as 2 mm. This automatic scanner eliminates the necessity of biopsy. Since scans are readily reproduced, cystic masses can be followed at smaller time intervals than is normally done with film mammography (Fig. 1) .
The Pregnant and Postpartum State
The pregnant patient with a newly palpable breast mass presents a dilemma to the obstetrician because malignancies in these women grow rapidly and the increased glandular tissue causes difficulties on mammography. On ultrasound, though, these masses are well delineated and a differential diagnosis is easily obtained (Fig. 2) .
Benign Solid Masses:
Most benign solid masses in our (Fig. 2) , they are a significant mdicator that the mass is probably benign, but their absence is not significant (Fig. 3) 
